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ABSTRACT

Predictability limits for seasonal atmospheric climate variability depend on the fraction of variability that
is due to factors external to the atmosphere (e.g., boundary conditions) and the fraction that is internal.
From the analysis of observed data alone, however, separation of the total seasonal atmospheric variance
into its external and internal components remains a difficult and controversial issue. In this paper a simple
procedure for estimating atmospheric internal variability is outlined. This procedure is based on the ex-
pected value of the mean square error between the observed and the general circulation model simulated
(or predicted) seasonal mean anomaly. The end result is a spatial map for the estimate of the observed
seasonal atmospheric internal (or unpredictable) variability. As improved general circulation models be-
come available, mean square error estimated from the new generation of general circulation models can be
easily included in the procedure proposed herein, bringing the estimate for the internal variability closer to
its true estimate.

1. Introduction

Predictability of seasonal climate anomalies can arise
from two possible sources: 1) boundary conditions ex-
ternal to the atmosphere [e.g., sea surface temperatures
(SSTs)] and 2) atmospheric initial conditions. Within
the paradigm of seasonal atmospheric predictability
due to external boundary conditions, the potential for
skillful predictions depends on the fraction of the at-
mospheric seasonal mean variability that is related to
the anomalous boundary conditions and the fraction
that is internal to the atmosphere. The influence of the
anomalous boundary conditions on the atmospheric
seasonal variance can be further augmented by the in-
fluence of atmospheric initial conditions, and in gen-

eral, this influence depends on the separation between
the initial condition and the target forecast season (i.e.,
the forecast lead time).

Based on observational data alone, however, the
separation of seasonal atmospheric variance into its ex-
ternal and internal components, as well as determining
the influence of atmospheric initial conditions on sea-
sonal mean variability, remain difficult and controver-
sial tasks. The difficulty arises because for the indi-
vidual realizations of observed seasonal mean atmo-
spheric anomalies, the estimation of boundary forced
and internal components of the atmospheric variance,
as well as the influence of initial conditions on them,
cannot be made. Alternate approaches for the estima-
tion of seasonal internal variability based on the daily
atmospheric variability have been proposed (Madden
1976; Shea and Madden 1990). These methods rely on
the analysis of the autocorrelation of daily observations
to infer the variance of monthly and seasonal time av-
erages and their comparison with the corresponding ob-
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served interannual variability. Such methods also rely
on various assumptions (e.g., changes in boundary con-
ditions have no influence on the characteristics of daily
variability). Such assumptions could lead to erroneous
estimates for the internal and external variability of
seasonal means (Shukla 1983; Trenberth 1984; Zwiers
1987).

An alternate approach for estimating seasonal cli-
mate predictability is the use of atmospheric general
circulation models (AGCMs). For example, for decom-
position of the seasonal mean atmospheric variability
into its internal and external components, long multiple
realizations of AGCM simulations starting from differ-
ent atmospheric initial conditions, but forced with iden-
tical evolution for the observed boundary conditions
(the so called AMIP simulations), are made. The en-
semble mean of the AGCM-simulated anomaly is the
atmospheric response to the observed boundary forc-
ing, whereas the departure from the ensemble mean is
the component of seasonal mean that is internal to the
atmosphere, making it possible to estimate the atmo-
spheric external and internal variances (Barnett 1995;
Harzallah and Sadourny 1995; Kumar and Hoerling
1995). A similar setup can also be used for estimating
the influence of atmospheric initial conditions on sea-
sonal means; except for this case, AGCM simulations,
in contrast to the long AMIP integrations, start from
observed initial conditions and are of short duration
(Branković and Palmer 2000; Shukla et al. 2000).

Although ensemble AGCM simulations can be used
to decompose seasonal mean atmospheric variability
into its external and internal components, such a pro-
cedure leads to an estimate that is an AGCM’s rendi-
tion of observed atmospheric variability and could be
biased by the AGCM errors. Indeed, AGCM-based es-
timates of external and internal components of seasonal
mean variability show a large range of variations from
one AGCM to another (Shukla et al. 2000; Kumar et al.
2000).

To lessen the influence of AGCM biases, in this pa-
per an approach for estimating the upper bound for the
observed internal variability is outlined, based on the
aggregation of simulations from many different
AGCMs. This procedure provides a local measure for
the seasonal mean atmospheric internal variability. The
estimate depends on the selection of the least-biased
AGCM among the collection of AGCM simulations
one has. Further, as models improve, the procedure
described in this paper can incorporate ensemble simu-

lations from the next generation models, and estimates
for the observed atmospheric internal variability ob-
tained herein can be easily updated. The procedure for
estimating the atmospheric internal variability is de-
scribed in section 2, and results are presented in section
3. As our estimates for the internal and external vari-
ance in section 3 are based on the specification of SST
boundary conditions alone, a discussion in section 4
includes a review of factors that are not included in our
analysis but may influence estimates of external and
internal variance (e.g., the influence of atmospheric ini-
tial conditions, coupled air–sea interactions, etc.). Con-
cluding remarks are presented in section 5.
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5. Concluding remarks

The estimate for the internal variability of DJF 200-
mb observed seasonal mean heights in Fig. 4 is our best
estimate of the observed internal (or unpredictable)
component of variability based on the current genera-
tion of AGCMs (and data available to us) that is not
related to the observed history of SSTs. Similarly, Fig.
8 replicates the best estimate of the predictability of
seasonal atmospheric climate anomalies based on the
DEMETER dataset that includes the influence of ob-
served ocean, atmosphere, and land initial states, as
well as the influence of realistic coupling between dif-
ferent components of the earth’s system. Simulations
from the future generation of model integrations and
the corresponding spatial map for MSE can be used to
update the spatial map of the unpredictable component
of variability in Fig. 4 (and in Fig. 8). At the geographi-
cal locations, where the MSE for models is higher than
the current estimate, this will not lead to any update in
the estimate of the unpredictable component of vari-
ability. Only at the geographical location where the es-
timate of MSE is lower than the estimate of variability
in Fig. 4 (Fig. 8) will a lower (higher) estimate of at-
mospheric internal variability seasonal climate predict-
ability be found. It remains to be seen how much of the
internal variability from estimates based on the current
generation of the model simulations, and shown in Figs.
4, 8, can be moved to the variance that is predictable
because of the improved models, higher resolution, im-
proved initial conditions, etc. Based on the unique
properties of MSE, in this paper we provide a method-
ology that could be used to document such improve-
ments.




